I ncarcerated people living with HIV/AIDS (PLWHA) are at risk for poor health outcomes, and national estimates suggest that approximately 14% of PLWHA in the United States will be incarcerated at least once in their lifetime. 1 Compared with PLWHA who are not incarcerated, this population has lower rates of antiretroviral therapy (ART) use prior to incarceration 2 and higher HIV RNA levels, or viral load (VL), upon entry into correctional facilities. 3 The transition between a correctional facility and the community can lead to disruption of ART use, 4 and reincarceration compounds this problem. 5 Incarceration is a time during which public health interventions can be deployed to diagnose HIV infection, initiate ART, and provide PLWHA with assistance linking or relinking to ongoing HIV medical care and treatment. [6] [7] [8] However, fewer than 20% of prisons and jails currently provide Centers for Disease Control and Prevention (CDC)-recommended HIV discharge planning. 4, 9 Many more PLWHA are booked into jails-which are designed for short-term incarceration prior to trial-than into prisons each year. 10, 11 Because some of the factors associated with incarceration, such as substance use and homelessness, are also associated with disengagement from HIV care, jails could play an important role in public health efforts to reengage out-of-care persons. 12, 13 However, the rapid turnover of populations in jail systems makes implementation of interventions challenging. 14 In King County, Washington, the health department and the largest Ryan White Part C-funded HIV clinic have implemented several programs designed to improve patient engagement in HIV care. These include a surveillance-based data to care program that utilizes HIV surveillance data to help engage PLWHA in care 15, 16 ; a clinic-based patient retracing program that uses clinical data to identify out-of-care clients, matches this to surveillance data, and then employs a linkage specialist to try to reengage them in care 17 ; and a lowthreshold clinic with intensive outreach assistance for the hardest-to-reach individuals. 18 This low-threshold clinic provides HIV care on a walk-in basis, meal vouchers, phones, bus passes, and cash incentives for clients who do not engage in traditional HIV health care. 18 At the end of 2014, an estimated 79% of diagnosed PLWHA in King County were virally suppressed. 19 Nonetheless, an estimated 11%
of HIV-diagnosed persons presumed to be living in King County were not engaged in HIV care in 2014 (defined as ‡ 1 HIV care visits). 19 Currently, an HIV case manager located at the jail coordinates care by helping to engage the incarcerated PLWHA in care and scheduling appointments either during incarceration or upon release. However, once patients are released from jail, they can be lost to follow-up because of a lack of structured transitional care to bridge incarceration and release. Reaching these persons with interventions after release to promote engagement in HIV care is challenging and resource intensive. Improved coordination between the health department and local jails could be a way to locate and engage out-of-care individuals.
Our objectives were to determine the number of PLWHA incarcerated in King County jails in a calendar year; assess their key HIV care outcomes prior to booking, during incarceration, and after release; and assess booking and release patterns relevant to a potential intervention to improve postincarceration HIV care outcomes. To address these objectives, we matched county jail booking data with HIV surveillance data.
METHODS
In 2014, a total of 24 414 individuals were booked into either of the 2 King County jails included in this analysis: King County Correctional Facility and King County Regional Justice Center. 11 We chose these jails for analysis because they house the majority of pretrial inmates in King County and they made data available for analysis. All patients are evaluated in an initial jail intake health screen that includes questions about medical, mental health, and dental problems as well as a focused examination for signs of communicable diseases. Jail Health Services, a division of Public Health-Seattle & King County (PHSKC), does not perform routine HIV testing. If a patient discloses that he or she is HIV infected during the intake screen, the nurse requests a medical clinic appointment for a complete medical assessment. Patients who acknowledge being on ART upon jail entry are continued on their regimens. Patients can initiate ART in jail in coordination with an HIV medical provider at the HIV clinic at Harborview Medical Center through an in-person appointment. However, HIV care appointments are only scheduled for patients who complete a medical assessment in the jail, and some are released from jail prior to completing the HIV clinic visit. When alias names, DOBs, and SSNs were available, we also included them in these match criteria. We manually reviewed and verified all of the linkages resulting from a match on criteria other than full name and date of birth, either by medical record or by Accurint, a LexisNexis database that collates public records. PHSKC surveillance data are deduplicated upon creation of a new case record. This matching process did not identify any PHSKC surveillance data with 2 jail records and different unique jail identifiers. We then de-identified this information by removing names, DOBs, and SSNs.
This analysis focuses on the first incarceration in 2014 among individuals with diagnosed HIV at the time of first booking. Using HIV surveillance data, we compared the following demographic characteristics of incarcerated PLWHA with those of the general population of HIV-diagnosed persons in King County: age, gender, race/ethnicity, and HIV exposure risk category. We were not able to reliably identify patients who were transgender.
To assess HIV care and disease status at the time of jail booking, we identified each person's most recent HIV RNA viral load prior to booking in the year prior to incarceration and most recent CD4 count result in the 2 years prior to incarceration. We assumed that persons were out of care if they had no CD4 count or VL laboratory test result reported in the year prior to incarceration and that persons were not virally suppressed if they had no VL reported in that time frame. In accordance with the definition used by the CDC and the National HIV/AIDS Strategy to monitor the HIV care continuum, we defined viral suppression as a VL of fewer than 200 copies per milliliter.
20, 21 We also evaluated CD4 and VL results reported during periods of incarceration to further evaluate HIV immunological and suppression status at the time of incarceration and assess what proportion of incarcerated PLWHA had any laboratory assessment during incarceration. To analyze postrelease outcomes, we examined timing of VL monitoring in the year after release, whether the patient was engaged in continuous care (defined as ‡ 2 HIV-related laboratory tests at least 3 months apart), and time to viral suppression in the year after release. To determine feasibility of and to inform the development of potential interventions, we examined the medical care facility associated with the most recent laboratory report prior to booking, the day of the week when the PLWHA was released from jail, the length of the incarceration, and the total number of incarcerations for each individual PLWHA in King County jails in 2014. We also examined HIV care outcomes by 3 racial/ethnic categories (non-Hispanic White, non-Hispanic Black, and Hispanic) for the proportion that were virally suppressed at booking, proportion virally suppressed within 6 months of jail release, and proportion engaged in continuous care.
We used the c 2 test to compare the characteristics of PLWHA incarcerated in jail in 2014 with those of the overall HIVdiagnosed population of PLWHA in King County in 2014 presumed not to be incarcerated and to evaluate the association between the number and length of incarcerations and proportion virally suppressed at 12 months. Length of incarceration was a categorical variable grouped into 4 categories (< 48 hours, 2-6 days, 7-13 days, ‡ 14 days). Number of incarcerations was a continuous variable that we dichotomized as 1 incarceration versus more than 1 incarceration. The c 2 test also compared racial/ethnic categories and CD4 count prior to incarceration, laboratory tests prior to incarceration, time to viral suppression following release, length of incarceration, and multiple incarcerations. We conducted these analyses using Stata Statistical Software version 14 (StataCorp LP, College Station, TX).
RESULTS
In 2014, a total of 202 diagnosed and reported PLWHA were booked into one or the other of the 2 largest King County jails. Compared with the overall population of 6788 HIV-diagnosed persons in King County who were not incarcerated, incarcerated persons were younger (15% vs 29% aged < 35 years; P < .001) and more likely to be men who have sex with men who also had injected drugs at the time of HIV diagnosis (8% vs 26%; P < .001; Table 1 ). The proportion of nonHispanic Black individuals was lower in the overall population of HIV-diagnosed persons in King County than in the incarcerated population (19% vs 25%, respectively; P = .03). The proportion of persons whose most recently reported CD4 count was less than 200 cells per cubic millimeter was lower in the overall population of HIV-diagnosed persons in King County than in the incarcerated population (7% vs 25%; P < .001).
Of the 202 PLWHA incarcerated, the majority (95%) had at least 1 HIV-related laboratory test ( ‡ 1 VL in the prior year or CD4 count in the prior 2 years) before their first booking, which by definition categorizes them as being in care ( Table 2 ) and 54% of these laboratory tests were within 3 months of their booking (data not shown). One hundred and seventy-three (86%) had a VL reported to HIV surveillance in the year prior to incarceration. Viral suppression was lower among incarcerated persons (49%) at booking than among all King County diagnosed PLWHA not incarcerated (79%; P < .001). Forty individuals (20%) had a CD4 or VL at least once during incarceration, including 33 with viral load testing, 12 (37%) of whom were virally suppressed ( Table 2) . Of the 29 persons who did not have a VL reported in the year prior to booking, 9 (31%) had a VL during incarceration, and none of these 9 were virally suppressed. In the year after release, 170 (84%) had at least 1 VL and 126 (62%) were engaged in continuous HIV care in the year following release. Of the 202 PLWHA jailed, 98 (48%) and 126 (62%) achieved viral suppression within 6 and 12 months, respectively.
An estimated 6980 HIV-diagnosed persons were residing in King County in the same year, and 1466 (21%) were virally Seventy-four PLWHA (37%) were reincarcerated at least once in the same calendar year. There was no significant association between number of incarcerations or length of incarceration and the likelihood of viral suppression 12 months after release (data not shown). Additionally, there were no significant associations between different races/ ethnicities and CD4 counts prior to incarcerations, HIV-related laboratory tests prior to incarceration, time to viral suppression following release, length of incarceration, and multiple incarcerations (data not shown). Similar proportions of non-Hispanic Whites, non-Hispanic Blacks, and Hispanics were virally suppressed at booking and 6 months after release, and were engaged in continuous care after release (Figure 1 ).
DISCUSSION
We found that approximately 3% of HIV-diagnosed persons in King County were booked into one of the 2 county jails included in this analysis in 2014, including approximately 7% of all virally nonsuppressed PLWHA in the area. Although almost 80% of diagnosed PLWHA in King County were virally suppressed, only about half of jailed PLWHA were suppressed in the period prior to their incarceration and only 62% achieved viral suppression within the year after their release. These data highlight the fact that, even in an area with very high levels of viral suppression, incarcerated PLWHA were disproportionately likely to be virally nonsuppressed.
Our findings confirm those of previous studies demonstrating poor pre-and postincarceration HIV outcomes among PLWHA, 22 and add to the literature by quantifying the proportion of the virally nonsuppressed population of PLWHA in 1 geographic area that passes through jail each year. Another study has found a much larger percentage (14%) of the population being released from the jail system each year. 1 Our finding of a lower proportion incarcerated in 1 year likely reflects, at least in part, the lower level of HIV morbidity in the Northwest region of the United States. Our study could have underestimated the number of PLWHA who are incarcerated, but a previous report also demonstrated that the numbers of PLWHA incarcerated tend to be lower in the Northwest than in other regions of the United States. 23 Importantly, our study was limited to a single calendar year, and a larger percentage of PLWHA would be incarcerated with more years of observation. Despite the relatively small number of PLWHA incarcerated in King County jails, it is of public health significance because of the disproportionate number of virally nonsuppressed PLWHA. Although the percentage of incarcerated individuals who were virally suppressed after incarceration (62%) was lower than the percentage of the general King County PLWHA population that was virally suppressed, it was higher than the preincarceration percentage among those later incarcerated (49%). It is possible that contact with the jail system linked some individuals who were previously out of care, although not at the same rate as those who were not incarcerated. A recent study by Schneider et al. demonstrated that criminal justice involvement was associated with improved HIV care outcomes in a cohort of young Black MSM, although repeated incarceration was associated with worse HIV care outcomes. 24 
Strengths and Limitations
Our study had important strengths and limitations. The population-based approach of linking jail booking data with HIV surveillance data is a major strength of this study. However, we were unable to identify on an individual level the reasons why particular individuals were not virally suppressed or engaged in continuous care, including the existence of comorbidities such as substance use disorders or mental health conditions, as these data are not included in surveillance data. This analysis was limited to 2 county jails in King County, which could lead to an underestimation of the proportion of PLWHA who lived in King County and were incarcerated in a calendar year. Because our study was focused on a single county, the generalizability is unknown. Lastly, our analysis could have been limited by incomplete matching between surveillance and jail data, and it did not include HIVinfected persons not yet diagnosed.
Public Health Implications
The results of our study have particular relevance for health departments, HIV clinics, and community-based organizations working to improve patient engagement in HIV care. Health departments and clinics from multiple regions of the United States have reported substantial challenges to locating out-of-care individuals. [22] [23] [24] [25] [26] Our results suggest that jails could play an important role in a comprehensive data to care strategy. This would require jails and health departments or other agencies providing HIV care coordination services to work together to identify PLWHA at the time of jail booking and direct transitional care coordination. Because roughly two thirds of King County jail incarcerations are less than 7 days in length, a system is needed to identify and intervene as soon as possible after booking. Health information exchanges have shown promise in identifying out-of-care persons who present to emergency departments. 27 An analogous information exchange between jail booking data and HIV surveillance data could be created to alert HIV care relinkage staff (i.e., case managers, disease intervention specialists, or patient navigators) to the presence of an out-of-care individual in jail, which could, in turn, guide an intervention. Additionally, performing HIV opt-out testing at jail booking may facilitate identification of PLWHA to increase the number of HIV-diagnosed individuals, particularly if these individuals do not otherwise engage with the medical system for HIV testing elsewhere.
The relatively high postincarceration levels of viral suppression among PLWHA in our study compared with other studies of incarcerated PLWHA reflect the populationlevel viral suppression in King County, which is higher than in most other US cities. This is likely attributable to a combination of high-quality HIV care and support system, an engaged community, health department programs, the significant efforts that have gone into improving the accuracy of surveillance data, and other factors specific to the Seattle area. 25, 26 Increasing collaboration between the health department and jails is a key next step in improving data to care programs in King County. Interventions such as EnhanceLink, 27 that includes the COMPASS Program, 14 and Project Bridge provide models for improving HIV care engagement among incarcerated populations. EnhanceLink's package of services at 10 sites across the United States provides HIV testing and transitional linkage services, including provision of ART to clients while incarcerated, facilitating ART prescriptions upon release, and connecting PLWHA with community services upon release. 29 In the COMPASS Program, operating in Rhode Island, community outreach workers are notified when someone with HIV is booked into jail and meet with that individual as soon as possible after intake. They provide case management while the client is in jail and following release to help link to HIV care, mental health care, and substance use disorder care in the community. 14 A qualitative assessment of this program suggested that it enhanced previously available services in the community. 14 The experience reported by the COMPASS Program and another demonstration project in Rhode Island, Project Bridge, illustrates that significant contact is required between the recently incarcerated and linkage services for positive results. This analysis highlights the disparities evident in the incarcerated population, particularly for those who are younger and non-Hispanic Black. Although race/ethnicity was not associated with HIV care outcomes in this analysis, higher proportions of these vulnerable populations are incarcerated compared with other demographic groups. It is crucial that the public health system target interventions at populations who are disproportionately incarcerated by addressing comorbidities, such as mental illness or substance use disorders, that could have precipitated incarceration initially.
In conclusion, incarcerated PLWHA in King County are a vulnerable population, as evidenced by their poorer HIV health outcomes both pre-and postincarceration compared with the overall population of PLWHA in King County. Our future work is to identify mechanisms to facilitate real-time sharing of data and public health resources to facilitate transitional HIV care coordination for incarcerated PLWHA in King County.
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